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Searching for Antiosteoporotic Activities of Extracts and 
Fractions Derived from Natural Sources 
Targeting Carbonic Anhydrase II^ 
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Abstract[] To discover inhibitors of carbonic anhydrase I[] CA II[] with antiosteoporotic activity a batch of 
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2919 extract or fraction samples prepared from plants and animals belonging to 178 families] 608 genera 
and 1020 species were tested on carbonic anhydrase II bioassay] CA-N 
100 samples[] which belong to 40 families] 61 genera and 72 species[] showed inhibitory activity at 10 pg/ml] 
in which 5 samples showed ICs at = « 2.50 pg/ml[] 22 samples showed ICs; at 2.51 — 5.00 pg/ml and 73 











in 96-well microtiterplates. Finally 














samples showed ICs at 5.01 — 10.00 ug/ml. It is indicated that this in-vitro bioassay is convenient[] stable! 





rapid[] sensitive and effective in searching for antiosteoporotic activity samples from natural sources. 
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tracts|] Fractions 

Osteoporosis is one of important diseases caused by the imbalance in bone skeletal turnover be- 
cause bone resorption exceeds bone formation. Bone resorption is the unique function of the osteoclast 
so that dysfunction of the osteoclast by some inhibitors may be showed antiosteoporotic activity. The 
osteoclast is a specialized macrophage polykaryon which is formed from the macrophage through deter- 
minatiorl] proliferation and differentiation stages that are up-regulated by PU.1[] M-CSF[] RANKI] 
c-fos[] NFKB[] PTH and down-regulated by OPG. Bone resorption by the osteoclast divides into polar- 
ization and resorption stages that are affected by av83L] TRAF6L] c-Sre[] Carbonic anhydrase MO H* - 
ATPase and Cathepsins[] in which auf3[] Carbonic anhydrase IIL] H* -ATPase and Cathepsins may be 
some attractive targets for anti-osteoporosis therapy] Teitelbaum[] 2000[]. 

Carbonic anhydrase] CAs[] EC 4.2.1.1[] are zinc enzymes which catalyze the reversible conver- 
sion of carbon dioxide and water into bicarbonate and proton] CO, + H,O «22-2» HCO ~ +H”. 
In mammals there are seven isozymes i.e. CA I] CA II[] CA mO CA IVO CA VO CA VI and CA VIT 
which have different tissue specificities and probably varying physiological roles. In humans[] CA II is 
abundant in ostoeoclasts and an essential enzyme in bone resorption by osteoclasts[] which is a zinc enzyme 
of single chain polypeptide with about 30 000 Da molecular weight containing about 260 amino acid residues 

O Shapiro et all] 1989[]. After formation of ruffled border bone resorption depends on the secretion of pro- 
tons and lysosomal proteinases from osteoclasts into the extracellular microenvironment. In osteoclasts pro- 
tons are generated by CA II and actively transported by the proton pump driven by vacuolar-type H ^ - AT- 
Pase at the ruffled border into the lacuna. Now several studies suggest that CA II inhibitors[] such as ac- 
etazolamide[] inhibit bone resorption in vivo and in vitrd] Rousselle et a/[] 2002[] Ohba et all 1996[]. 

In this paper we describe testing of natural extract or corresponding fraction samples with the CA- 


II bioassay in order to discover new antiosteoporotic activity samples from natural products . 


Materials and methods 

Materials and instruments Carbonic anhydrase I{] CA II[[] p-nitrophenyl acetat¢] PNPA[T] acetazolamide and 
3[] N-Morpholino[] propanesulfonic acid] MOPS[] were purchased from SIGMA. Other reagents and solvents used in the 
experiments are of biologicall] analytic and reagent grades. 

2919 samples tested are extracts or fractions prepared from plants and animals belonging to 178 families] 608 genera 
and 1020 species. They are a part of the sample library of the Lab. for Screening within the State Key Laboratory of Phyto- 
chemistry and Plant Resources in West China[] Kunming Institute of Botany[] Chinese Academy of Sciences] China. 
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SPECTRAmax 340 96-well microtiterplate reader from Molecular Devices (USA) was used for end point measurement. 

Sample preparation 20 mg sample of extracts or fractions was dissolved in 2 ml of Me, SO as sample stock solution 
(10 mg/ml). The final concentration of sample for pre-test was 10 ug/ml, in which 5 pl sample solution (diluted to 200 
ug/ml by adding Me; SO) was added to microtiterplate wells as appropriate. 

CA-II bioassay Five jl Me, SO solvent was distributed in Blank wells (Bl) and Substrate wells (Sub). Five ul 
sample solution was filled in Sample wells (Sam) and Sample Blank wells (Samb). Five pl 100 pmol/L acetazolamide 
solution was added to Control wells (Con). Ninety-five jd 50 mmol/L MOPS buffer mixture ( pH 6.9) were added to 
Blank wells and Sample Blank wells, and sixty pl 50 mmol/L MOPS buffer mixture (pH 6.9) were added to Substrate 
wells, Control wells and Sample wells. Thirty-five pl bioassay mixture, which contains 25 pl of 6 mmol/L PNPA and 10 
tl of 1 pmol/L CA II were added to Substrate wells, Control wells and Sample wells. After incubation at 25°C for 2h 
OD values at 405 nm were measured by a microtiterplate reader. 

Sample testing was divided into three steps: 1) Pre-test: Samples were screened in one well at the concentration of 
10 pg/ml. Samples with> 40% inhibition at 10 pg/ml were selected for Follow-up test; 2) Follow-up test: Samples 
were screened in duplicates at a concentration of 10 pg/ml. Samples with 50% inhibition at 10 pg/ml were selected for 
Evaluation-test; 3) Evaluation-test: Samples were screened in triplicates at four concentrations of 10.00, 5.00, 2.50 
and 1.25 pg/ml. ICs, (ug/ml) of active samples were calculated using the following formula: 


" Concentration, (1, — 50 ) + Concentration, (50-1, ) 


Ics h- l 





Templates of Pre-test, Follow-up test and Evaluation-test are presented in Figs. 1, 2 and 3. 
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Fig. 1 Template for Pre-test. 
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Fig. 2 Template for Follow-up test. 
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Fig. 3 Template for Evaluation-test. 


Results and Discussion 

Screening of 2919 samples 2919 samples were screened in Pre-test on 67 96-well microtiter- 
plates and samples were selected for Follow-up test with > 40% inhibition. 805 samples were 
screened in Follow-up test on 29 96-well microtiterplates and 192 samples were selected for Evaluation- 
test with 250% inhibition. 192 samples were screened in Evaluation-test on 39 96-well microtiter- 
plates and 100 samples showed inhibitory activities on CA II. Hit rate of active samples is 3.43% . 
Five samples showed IC,, at less than 2.50 ug/ml, 22 samples showed IC4, at 2.51 — 5.00 ug/ml and 
73 samples showed ICs, at 5.01 — 10.00 ug/ml, respectively. 

Activity-sample source relationship 2919 samples of extracts or fractions were prepared from 
plants and animals belonging to 178 families, 608 genera and 1020 species, notably, plants from 
Annonaceae, Compositae, Euphorbiaceae, Labitae, Liliaceae, Papilionaceae, Ranunculaceae, 
Rosaceae, Rubiaceae, Rutaceae and Umbelliferae. 100 samples, which belong to 40 families, 61 
genera and 72 species, showed inhibitory activity at 10 Ug ml, notably, samples from Boraginaceae, 
Celastraceae, Dilleniaceae, Euphorbiaceae, Geraniaceae, Lauraceae, Moraceae, Palmae, Papil- 


ionaceae, Pinaceae, Polygonaceae, Rosaceae, Saxifragaceae, Vitaceae (Table 1). 
Table 1 Plant Family and Genus distribution of active samples. 








Chinese Family Chinese Genus 
No. Latin Family Name Latin Genus Name No. CA-II 
Name Name 

I. HREF Aiantaceae Bu Adiantum 1 + 
2 WEBB Anacardiaceae REAR Pistacia L. 2 + 
ERR Rhus L. 3 i 

3 X P TBERI Apocynaceae EFRR Amalocalyx Pierre 4 + 
4 EHA Balanophoraceae ERUR Balanophora J. R. et G. Forst. 5 + 
5 BL Boraginaceae DIES Onosma L. 6 * 
6 aX Caesalpiniaceae DEB IR Cassia L, 7 * 
7 BAB Caprifoliaceae ERA Sambucus L. 8 + 
8 EFA Celastraceae Ri ERR Celastrus L. 9 + 
IFR Euonymus L. 10 + 

11 + 


BARR Tripterygium Hook. f. 
Bae st ipterygium Hook. ft 
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Chinese Family Chinese Genus 
No. Latin Family Name Latin Genus Name No. CAI 
Name Name 
9 uuu Cornaceae uut Dendrobenthamia Hutch. 12 + 
10 uuu Dilleniaceae uum Tetracera L. 13 + 
11 uuu Dryopteridaceae Cyrtomium 14 + 
12 uu Ebenaceae od Diospyros L. 15 + 
13 uut Euphorbiaceae uum Bischofia Bl. 16 + 
ooog Euphorbia L. 17 + 
utu Homonoia Lour. 18 + 
u au Phyllanthus L. 19 + 
14 uut Fagaceae uu Quercus L. 20 + 
15 woood Geraniaceae uuu Geranium L. 21 + 
16 uuu Gnetaceae 0000 Gnetum L. 22 + 
17 uu Lauraceae u Cinnamomum Trew 23 + 
u ut Lindera Thunb. 24 à 
uu Neocinnamomum H. Liou 25 + 
18 uut Liliaceae uum Ophiopogon Ker-Gawl . 26 + 
19 uuu Loranthaceae uguutlu Helixanthera Lour. 27 + 
20 Hugumu Melastomataceae uum Osbeckia L. 28 + 
uum Plagiopetalum Rehd. 29 + 
21 utu Meliaceae od Melia L. 30 + 
22 utu Moraceae utu Ficus L. 31 + 
od Morus L. 32 + 
23 ood Myricaceae ood Myrica L. 33 + 
24 HBaumu Myrsinaceae uut Ardisia Sw. 34 + 
25 uuu Myrtaceae 0000 Psidium L. 35 + 
26 uut Palmae u uu Arenga Labill. 36 + 
uu Daemonorops Bl. 37 + 
27 uBagmu Papilionaceae uum Desmodium Desv. 38 + 
uut Spatholobus Hassk . 39 + 
28 uu Pinaceae ood Keteleeria Carr. 40 + 
uu Pinus L. 41 + 
29 uuu Podocarpaceae u gut Podocarpus L'Her. ex Pers. 42 + 
30 00 Polygonaceae ü t Fagopyrum Mill. 43 + 
u uu Oxyria Hill 44 + 
Od Polygonum L. 45 + 
31 ood Ranunculaceae ood Paeonia L. 46 + 
32 uut Rosaceae ood Crataegus L. 47 + 
Uam Potentilla L. = Dasiphora 48 + 
uu Spiraea L. 49 + 
33 üu utu Rubiaceae ood Psychotria L. 50 + 
34 uuu Sabiaceae uu Sabia Colebr. 51 + 
35 uuu Saxifragaceae uu Astilbe Buch.-Ham. 52 + 
uu Rodgersia A. Gray 53 + 
36 ood Smilacaceae ood Smilax L. 54 + 
37 uu Theaceae uuu Anneslea Wall. 55 + 
38 Hum Trilliaceae ood Paris L. 56 + 
39 ood Urticaceae uuu Pilea Lindl. 57 + 
40 Hu uu Vitaceae Uam Ampelopsis Michx. 58 + 
uu Leea L. 59 + 
Hu uu Tetrastigma Planch. 60 + 
utu Vitis L. 61 4 
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Carbonic anhydrase I[] CA II[] catalyzes the hydration of carbon dioxide and ester such as p-nitro- 
phenyl acetat¢] PNPA[T] in the latter which produces yellow p-nitrophenol] PNP[] that can be detected 
quantitatively in the microtiterplate reader at 405 nm. OD value decreases if certain samples inhibit 
CA II reflecting a reduction in PNP liberation. 

After screening 2919 samples we found that the in-vitro bioassay] CA-II[] described above is a 
convenient[] stable[] rapid[] sensitive and effective model in searching for antiosteoporotic activity sam- 


ples from natural sources. 
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